Proliferation of bronchial epithelial cells is an important biologic process in physiologic conditions and various lung diseases. The objective of this study was to determine how bronchial fibroblasts influence bronchial epithelial cell proliferation. The proliferative activity in co-cultures was assessed by MTT assay and direct cells counts.
atmosphere containing 5% CO 2 with a serum-free bronchial epithelial growth medium (BEGM, Clonetics Walkersville, MD, USA) and containing bovine pituitary extract, hydrocortisone, human epidermal growth factor, epinephrine, transferrin, insulin, retinoic acid, and triiodothyronine. Cells grown in submersion cultures were used at passage 3.
They stained positive with pan-cytokeratine, cytokeratine 5+8, cytokeratin 18 and negative with anti-vimentin, anti-cytokeratin 13, anti-CD31 antibodies.
To obtain fibroblasts, a small section of bronchus was resected from the non-diseased portion of a lobe from a human lung obtained at thoracotomy from patients undergoing surgery for the removal of lung tumors. Small 2 mm 3 explants were plated out in 10 cm diameter Petri dishes, outgrowing fibroblasts were trypsynized and passaged in DMEM containing 10% FBS supplemented with antibiotics (50 µg/ml streptomycin and 50U/ml penicillin) as described by Matsushima et al (22) . These cells were used between passages 4-8 and showed typical fibroblast morphology. On immunohistochemical examination, they stained positively with anti-vimentin antibodies, 5% cells or less were positive for smooth muscle actin and negative with anti-cytokeratin and anti- antibodies indicating that the cultures did not contain epithelial or endothelial cells..
Fibroblasts from human lymph nodes and skin were obtained as described previously (38) . This study was approved by the ethics committee of the Queen's University of Belfast and all patients provided written informed consent.
Co-cultures of bronchial epithelial cells with bronchial fibroblasts
Fibroblasts (0.3 x 10 5 cells per well) were plated in 24 well dishes and grown in DMEM containing 5% FBS for 2 days. After 2 days, cells (about 80% confluent) were treated with mitomycin C (6 µg/ml for 8 h) in order to inhibit fibroblast growth. After mitomycin treatment the fibroblasts were washed with PBS. Epithelial cells were plated on to the upper part of the transwell and incubated for 8 h. The blue formazan product was extracted with an SDS/dimethyl formamide mixture and 100 µl of the solution was transferred to 96 well plates and absorbance measured at a wavelength of 570 nm with a background reading at 660 nm on a spectrophotometric plate reader (Molecular Devices Versamax tunable microplate reader).
Matrix factors
Matrices of extracellular factors were prepared by culturing the fibroblasts until they were 70% confluent. The cultures were washed 3 times with PBS and then cultured for 2 -3 days in serum free medium removing the cells with non-enzymatic detachment solution (Sigma) or 0.02% EDTA at 37°C as described by Krtolica et al. (21) . Epithelial cells were seeded directly on such matrices.
Determination of cytokine concentrations
Measurement of IL-6 in cell culture supernatant was performed using PeliKine
Compact™ ELISA kits (Central Laboratory of the Netherlands Red Cross, Netherlands).
TNF-and HGF measurements in culture supernatants were carried out using ELISA kits Duo Sets from R&D.
Statistical analysis
All data are presented as the mean ± SEM, unless otherwise noted. Differences between groups were analyzed using nonparametric Mann-Whitney U test and considered to be significant if p<0.05. GraphPadPrism ® was used to plot graphs and to analyse the data.
Results

Effect of bronchial fibroblasts on bronchial epithelial cell proliferation in direct co-culture.
In the first experiments we used the simplest version of co-culture models of fibroblasts and bronchial epithelial cells, the feeder-layer system, where epithelial cells together with fibroblasts on plastic dishes are grown submerged in culture medium. In order not to overgrow the epithelial cells, the fibroblast feeder cells had to be converted into Fibroblasts isolated from lymph nodes and skin, treated with mitomycin in the same way as BF, exhibited a less supportive effect for epithelial cell proliferation (1.26 fold increase and 1.57 fold increase respectively p<0.05). These experiments show that bronchial fibroblasts stimulate epithelial cell growth ( Figure 1 ). The coculture of homologous epithelial and mesenchymal cells should be more relevant for studying the interaction between the two cell types. However, there was no difference in stimulation of epithelial cells growth when BF and BEC from the same or different subjects were used (data not shown).
Contribution of fibroblast secreted factors
The observed interaction between fibroblasts and epithelial cells may be mediated either by secreted soluble factors or factors of the extracellular matrix. To determine the participation of components of extracellular matrix, fibroblasts were allowed to grow in serum free medium for 3 days and deposit extracellular matrix onto the culture dishes. 
Effects of bronchial fibroblasts on bronchial epithelial cell proliferation in Transwell system
In order to further investigate whether the effects of fibroblasts on epithelial cell proliferation depended on direct cell-cell contact, the experiments were carried out in
Transwell system cultures, where cells grow in close proximity separated by a permeable membrane. BEC were first seeded on collagen coated transwell membranes and allowed to attach for 24 h. After that period, the transwells were placed into the wells 
Effects of anti-growth factor antibodies on fibroblast stimulated bronchial epithelial cell proliferation
Having established that fibroblasts regulate bronchial epithelial cell proliferation mainly through the production of soluble mediators, a series of experiments was performed using neutralising antibodies against growth factors thought to influence epithelial cell 
Production of HGF by bronchial fibroblasts upon co-culture with bronchial epithelial cells
To investigate the possible mechanism, the next experiments were performed using transwells. Fibroblasts were grown to 80% confluence, then were treated with mitomycin and cultured in contact with epithelial cells placed in transwells. Cultures were allowed to grow and culture medium was collected after 6, 24 and 48 h. Media from epithelial cells cultured without fibroblasts, and fibroblasts cultured without epithelial cells were used as controls. As shown in figure 5 , fibroblasts on their own produced HGF in detectable amounts. However the co-culture of two cell types substantially increased concentration of HGF secretion. Epithelial cells on their own did not produce HGF ( Figure 5 ).
Involvement of pro-inflammatory cytokines in HGF production
Substantial amounts of IL-6 and TNF-accumulated in the supernatants of fibroblast and epithelial cell co-cultures (Table) . It is known that the HGF promoter region retains the responsive element for IL-6 and TNF-(23). This suggests that IL-6 and TNF-, as in other systems (15, 30) may contribute to the production of HGF by co-cultures.
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In order to explore this hypothesis further, we performed experiments using antibodies against these cytokines. Fibroblasts and epithelial cells were co-cultured in the presence or absence of neutralising anti-TNF-and anti-IL-6. This resulted in a significant decrease in the concentration of HGF in culture supernatants. Addition of anti-TGF-S antibody had no effect on level of secreted HGF (Figure 6 A) . Proliferation experiments performed in parallel showed inhibition of epithelial cell growth in the presence of anti cytokine antibodies similar to anti HGF antibody (figure 6 B). Since both IL-6 and TNF have no direct effect BE proliferation the reduced IL-6 and TNF alpha levels reduced proliferation by lowering HGF production in fibroblasts.
Involvement of PGE2 in HGF production
A growing body of evidence supports the role of PGE2 as one of the most potent HGF inducers. As PGE2 is produced in substantial amounts by bronchial epithelial cells at both basal state and after stimulation (1, 2, 26) we hypothesized that in our system PGE2 production may contribute to Increased HGF secretion by fibroblasts and subsequent epithelial cells proliferation. The performed experiments showed that PGE2 synthesis inhibitor indomethacin introduced in co-culture system significantly decreased HGF concentration in cultures supernatant in a dose dependent manner (Figure 7 A) .
Proliferation experiments performed in parallel showed significant inhibition of epithelial cell proliferation indicating that PGE2 may be involved in regulation of epithelial cell proliferation via stimulation of HGF secretion (Figure 7 B) .
Discussion
The epithelium-fibroblast unit is in a key position to respond to and coordinate responses to environmental stimuli (12, 19). It is well established that homeostasis of regulation. It should be also noted that the paracrine effect on bronchial epithelial cell proliferation was also exerted by fibroblasts derived from skin and human lymph node although to a lesser extent. These results suggest that fibroblast-mediated paracrine effects on bronchial epithelial cells are tissue non-specific. Despite the apparent similarity of fibroblasts in different tissues there is evidence that different phenotypes exist and that regional differences in wound healing may to some degree be caused by such phenotypic differences. For example fibroblasts from buccal mucosa and periodontal ligament produce significantly more HGF than skin fibroblasts after couculture with keratinocytes (11). In our experimental system BF performed better than skin and lymph node fibroblasts. Investigations into mechanisms of these effects are currently carried out in our laboratory.
Although HGF effects have been widely studied in other organs, the mechanism by which HGF exerts its protective effects in the airways has not been thoroughly studied.
The fact that neutralizing antibody against HGF can significantly reduce epithelial cell proliferation in epithelial-mesenchymal co-culture shows that HGF plays an important has not been shown to stimulate repair of wounded human epithelial cell monolayer (45).
The lack of effect of neutralising anti-FGF7 antibodies may be explained by redundancy FGF7 receptor or existence of other ligands for the FGF7 receptor eg. FGF-10 (14). IGF-1 although implicated in bronchial epithelial cell proliferation (31) had no effect in our system. Although HGF is no doubt important, though not the only mediator of enhanced epithelial cell proliferation caused by fibroblasts. Incomplete reduction of epithelial cell proliferation observed in our experiments supports such interpretation.
Induction of HGF and its receptor c-met have been reported in some systems. It was also reported that the epidermal growth factor, platelet derived growth factor and basic fibroblast growth factor markedly stimulated production of HGF in various systems (14).
Therefore it is possible that several cytokines regulate the production of HGF. In our study neutralizing anti-TNF-and anti-IL-6 antibodies significantly inhibited the co- 
